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Table S1
Comparison of HER performance of NHC and the non-noble electrocatalysts reported (pH is 0 unless otherwise specified, the catalyst loading of NHC electrode is the loading of TiC and NHC film).
NHC electrode is active for HER at pH 7 and pH 14 with an onset potential of -150 mV (Fig. S1 ), beyond which the cathodic current density increases rapidly under more negative potentials. For driving a current density of 10 mA cm -2 , NHC electrode requires an overpotential of 0.32 V at pH 7 and 0.37 V at pH 14. These results indicate NHC electrode is more active for HER at a lower pH value. It is worth noting that NHC is advantageous over the reported carbon nitride 19 for HER at neutral solution in terms of onset potential and cathodic current density (Table S1 ), suggesting the good performance of NHC electrode for HER at neutral solution.
Figure S1  HER activity of NHC electrode. 
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During the entire experiment, the possible source of metal contamination is (Table S3) Therefore, the detected Ti should be originated from Ti substrate during scratching because it is difficult for NHC film to exfoliate from Ti substrate without Ti contamination. Besides, Ti exhibits neglectable activity for electrocatalytic HER at 0.4 V ~ 0 V.
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Table S3
The metal contents of NHC film determined by ICP-AES It has been reported that Pt is favorable for CO adsorption and the adsorbed CO will result in deactivation of Pt. Therefore, to confirm the absence of Pt, linear sweep voltammograms (LSVs) of NHC electrode have been tested before and after CO adsorption. Adsorption of CO at NHC electrode was conducted at potential 0.05 V by bubbling CO into 0.5 M H 2 SO 4 for 0.5 h 6 . Then, the LSV of NHC electrode was tested under CO bubbling. After CO adsorption, the HER activity of NHC electrode keeps the same as that without CO (Fig. S7) , which suggests that Pt is absence at NHC electrode and the HER activity of NHC electrode is originated from NHC film instead of Pt. hydrogen adsorption on N-doped hexagonal nanodiamond. (All calculations were performed using the Materials Studio DMol3 module. The surface of hexagonal nanodiamond (100) was modeled by a (3×2×2) supercell with 6 layers. The 3 bottom layers were fixed and the other layers were allowed to relax. In the calculations, 10 layers of vacuum were considered).
To explore the conditions for NHC preparation, the conditions for HC preparation was first determined (substrate temperature of 460 ~ 500 ○ C, pressure of 5.9 ~ 6.3 kPa, a gas mixture of H 2 /CH 4 with CH 4 = 10 ~ 20% and deposition time of 3 ~ 5 h) and then N 2 was introduced into the gas mixture for nitrogen doping. During this process, it was found that doped nitrogen content was correlated to the N 2 ratio in the gas mixture while the influence of temperature, pressure and deposition time was negligible when they are in the range mentioned above. The mechanism of NHC growth was proposed as follows [7] [8] [9] : when H 2 was introduced into the MPECVD system, H 2 plasma can be produced in the microwave electric filed, which dissociates the gas precursors and generates atomic hydrogen and carbon species (C x , C x H y ). These carbon species will nucleate on the substrate with low temperature caused by cooling water, and then grow three dimensionally until the grains coalesce, leading to the formation of a continuous polycrystalline film with grain size increasing with increased deposition time.
During this process, N is doped into the carbon lattice and the temperature and pressure will influence the growth rate in different directions. Meanwhile, atomic hydrogen will each amorphous carbon and part of the graphitic carbon while diamond is stable. At last, N-doped hexagonal nanodiamond with different contents of graphitic carbon will be formed through adjusting the ratio of precursors, deposition temperature and pressure
